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(54) PERMANENT-MAGNET ROTARY ELECTRIC MACHINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a permanent-magnet rotary electric 
machine which is reduced in pulsative torque and has a small size and light 
weight by setting the arranging intervals of adjacently arranged magnetic 



pole position detectors for different phases at a specific multiple of the 
arranging width of one stator magnetic poles. 

SOLUTION: The arranging intervals of magnetic pole position detectors Hu, 
Hv, and Hw are set double the arranging width of one stator magnetic pole 
42. In other words, the detectors Hu, Hv, and Hw are arranged at intervals 
which are equal to the arranging width of two stator magnetic poles 42. 
That is, the detectors Hu, Hv, and Hw receive influences form the stator 
magnetic poles 32 and the magnetic field formed by winding currents at the 
same (equivalent) level. Consequently, the electric angle of 60$0 between 
the magnetic poles 42 do not deflect to 50° or 70° , but the accuracy of 
magnetic pole position signals can be secured and the increase of pulsative 
torques can be suppressed. Therefore, the interval between each detector 
Hu, Hv, and Hw becomes shorter and the size and weight of a permanent- 
magnet rotary electric machine can be reduced. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The stator which has the stator winding of the polyphase intensively wound around M stator magnetic poles. P 
permanent magnet poles magnetized mostly at equal intervals. It is the permanent magnet rotation electrical machinery equipped 
with the above, and the arrangement interval of each adjacent aforementioned phase magnetic pole position transducer is 
characterized by being set as the double precision of the position interval of the aforementioned stator magnetic pole for one 
piece. 

[Claim 2] The aforementioned stator winding starts from U phase in a claim 1. U phase in order of U1+. U1-, U2- and U2+ It is 
the permanent magnet rotation electrical machinery which W phase places the aforementioned stator magnetic pole for one piece 
from U1+, and is characterized by for V phase having placed the aforementioned stator magnetic pole for one more piece in order 
of W1-, W1+. W2+, and W2- and connecting all in this direction in order of V1+, VI V2-, and V2+. 

[Claim 3] The stator which has the stator winding of the three phase circuit intensively wound around M stator magnetic poles. 
The permanent magnet pole of P pole magnetized mostly at equal intervals. It is the permanent magnet rotation electrical 
machinery equipped with the above, and is characterized by having placed the stator magnetic pole for one piece for the stator 
winding wound around the aforementioned stator magnetic pole with U phase as the starting point, having placed W phase and the 
stator magnetic pole for one more piece, and connecting in the same direction in order of V phase. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[000 1] 

[The technical field to which invention belongs] this invention relates to permanent magnet rotation electrical machinery, and 
relates to the permanent magnet rotation electrical machinery which has the small small lightweight concentrated-winding stator 
of torque throb especially. 
[0002] 

[Description of the Prior Art] The concentration volume permanent magnet rotation electrical machinery of composition of a 
small permanent-magnetic motor having a stator magnetic pole generally, and arranging a stator winding intensively to the 
magnetic pole of a parenthesis has been used, since the section serves as simple composition until now as opposed to the 
distributed-winding stator currently used to the field of a large-sized rotating machine, the physique of a motor can be made 
small, and the number of coils can be lessened — since — there is an advantage, like composition becomes simple With this kind 
of permanent magnet rotation electrical machinery, it was general to have set the ratio of the pole P of the permanent magnet of 
permanent magnet rotation electrical machinery and the number M of magnetic poles of a stator to 2:3. However, the above- 
mentioned method had a fault with large cogging torque. 

[0003] on the other hand — JP.62-1 10468.A (henceforth the example 1 of an indication) — the pole P of a permanent magnet, 
and several magnetic poles of a stator — about the permanent magnet rotation electrical machinery which set M to 
P:M=6n**2:6n (however, n two or more integers), reduction of cogging torque and the utilization factor of a coil improve, and it is 
indicating that a small motor with little throb torque can be offered for an electric airframe rank 

[0004] On the other hand, in JP.62-221854.A (example 2 of a henceforth, indication), the example which has arranged 
mechanically arrangement of a magnetic pole position transducer (it is used in the case of [ three ] a three phase circuit) 
required for making this kind of brushless motor operate at the interval of 120 degrees is indicated. It is the composition which 
arranges the electrical angle of the magnetic pole position transducer of each phase at the interval of 1 20 degrees so that all can 
operate the magnetic pole position of three pieces as a brushless motor. 
[0005] 

[Problem(s) to be Solved by the Invention] In order to make a brushless motor into the low thing of small lightweight one and 
ripple factor torque, it is required for a relation with the stator winding by which the position of three magnetic pole position 
transducers was wound around near, the magnetic pole position transducer of each phase they are [ phase ] three pieces and a 
stator magnetic pole, and its circumference to be the same. 

[0006] However, the above-mentioned example 2 of an indication has the fault which the position of a magnetic pole position 
transducer leaves distantly. Moreover, a relation with the stator winding which the magnetic pole position transducer of each 
phase separated 120 electrical angles at a time, and was wound around the magnetic pole position transducer of each phase, a 
stator magnetic pole, and its circumference in the shortest position There was a fault which changes [ (for example, the magnetic 
pole position transducer of V phase is also arranged under the stator magnetic pole around which the stator winding of U phase 
is wound to the magnetic pole position transducer of U phase being arranged under the stator magnetic pole around which the 
stator winding of U phase is wound), and ]. This was because the precision of a magnetic pole position transducer makes it differ 
greatly by each interphase and makes big throb torque produce by this. 

[0007] Moreover, for the example 1 of an indication, the wiring composition between each salient pole magnetic pole is devised, 
and it is not indicated about the small technology tied up lightweight. 

[0008] Therefore, the purpose of this invention solves the technical problem of the above-mentioned example of an indication, 
and is to offer offering small lightweight permanent magnet rotation electrical machinery and small lightweight permanent magnet 
rotation electrical machinery with still smaller and throb torque. 
[0009] 

[Means for Solving the Problem] The feature of the permanent magnet rotation electrical machinery by this invention which 
attains the above-mentioned purpose The stator which has the stator winding of the polyphase intensively wound around M 
stator magnetic poles, It has the rotator which has P permanent magnet poles magnetized mostly at equal intervals. The 
permanent magnet pole P and the number M of stator magnetic poles And P:M-6n**2:6n (however n detect the magnetic pole 
position of the aforementioned rotator with the magnetic pole position transducer of each phase from the magnetic flux which 
two or more relations of integer), nothing, and the aforementioned permanent magnet pole make. According to this detection 
magnetic pole position, the arrangement interval of each aforementioned phase magnetic pole position transducer with which the 
energization control to each aforementioned phase stator winding adjoins each other in the permanent magnet rotation electrical 
machinery made and driven is in the composition set as the double precision of the position interval of the aforementioned stator 
magnetic pole for one piece. 

[0010] Moreover, the stator which has the stator winding of the three phase circuit which wound other features around M stator 
magnetic poles intensively, In the permanent magnet rotation electrical machinery which was equipped with the rotator which has 
the permanent magnet pole of P pole magnetized mostly at equal intervals, and considered the permanent magnet pole P and the 
number M of stator magnetic poles as the P:M=6n**2:6n (however, n two or more integers) relation It is in the point which placed 
the stator magnetic pole for one piece for the stator winding wound around the aforementioned stator magnetic pole with U 
phase as the starting point, placed W phase and the stator magnetic pole for one more piece, and was connected in the same 
direction in order of V phase. 
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[001 1] According to this invention, the magnetic pole position transducer of each phase can perform magnetic pole position 
detection in the position influenced [ same ] by the magnetic pole and coil of a stator while being arranged by the electrical angle 
of 120 degrees, respectively. Magnetic pole position detection becomes exact and the interval between each magnetic pole 
position transducer can make throb torque small by it while it becomes the shortest and small lightweight-ization is attained by 
this. 

[0012] Moreover, each phase becomes the same and the connection length of a stator winding can tie it up lightweight small. 
[0013] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained with reference to a drawing. 
Drawing 1 is the cross section showing the permanent magnet rotation electrical machinery of one example by this invention. The 
cross-section structure of the permanent magnet rotation electrical machinery in connection with this invention is shown. 
Drawing 2 is drawing showing AA cross section of drawing 1 . Composition is explained simultaneously with reference to drawing 
1 and drawing 2 . 

[0014] In drawing 1 , the permanent magnet rotation electrical machinery 1 (henceforth the rotation electrical machinery 1) 
consists of a stator 2, a rotator 3. the end bracket 10, two bearings 11, three magnetic pole position transducers (Hu, Hv, Hw), 
and wiring substrates Pt. A stator 2 consists of housing 9, a stator core 4 fixed to the inner skin of this housing 9, and a stator 
winding 5 of the polyphase wound around this stator core 4. A rotator 3 consists of a permanent magnet 6, a yoke 7, and a shaft 
8. Moreover, a shaft 8 is held free [ rotation ] to a stator 2 with bearing 1 1, housing 9, and the end bracket 10. And in order to 
detect the position of the permanent magnet 6 of a rotator 3, the wiring substrate Pt arranged in the interior of the rotation 
electrical machinery 1 is equipped with the magnetic pole position transducer which generally consists of hall devices etc. 
[0015] In drawing 2 , the rotation electrical machinery 1 mainly consists of a stator 2 and a rotator 3, and a stator 2 consists of a 
stator core 4 and a stator winding 5. Here, a stator core 4 is the composition that consist of a stator yoke 41 in a circle and two 
or more stator magnetic poles 42, and a stator winding 5 is intensively wound around each stator magnetic pole 42. Each coil is 
the composition which is not things of sharing the magnetic path in an opening side. Since the stator of this concentrated- 
winding structure can shorten the length of the coil section as opposed to the stator of the distributed-winding structure 
currently used for the common large-sized machine, it has the advantage which can make the physique of rotation electrical 
machinery small. With the rotation electrical machinery of this example, the permanent magnet pole of a rotator 3 showed the 
composition whose number of stator magnetic poles of a stator 2 is 12 pieces by the three phase circuit at 14 pieces. In addition, 
even if rotation electrical machinery is a generator, being made to the same composition is not saying. 

[0016] And corresponding to U1+ as a stator winding 5 of the three phase circuit shown by drawing 2 . U1- U2+, U2-, V1+ V1- 
V2+ and V2-, and W1+, W1-, W2+ and W2-. the magnetic pole position transducers Hu, Hv, and Hw of a lot are arranged. Pt is 
each stator winding 5. While making U1+, U1-, U2+. U2-, V1+ V1-. V2+ and V2-, and W1+. W1-. W2+ and W2- three-phase- 
connection composition, it is the wiring substrate which fixes and wires the magnetic pole position transducers Hu, Hv, and Hw. 
Here, the magnetic pole position transducers Hu, Hv, and Hw in this example are aimed at the magnetic pole position transducer 
of composition of carrying out direct detection of the magnetic pole position of the permanent magnet 6 concerned by the 
magnetic flux which the permanent magnet 6 of a rotator 3 generates. 

[0017] Drawing 3 is drawing showing the permanent magnet rotation electrical machinery control circuit of one example by this 
invention. The control circuit which drives the permanent magnet rotation electrical machinery shown by drawing 1 is shown. In 
drawing, the power of DC power supply 12 is supplied to the stator winding 5 of the polyphase of rotation electrical machinery 
through an inverter 1 3. Here, an \nverter 1 3 consists of switching elements by the side of the switching element by the side of 
plus of Tu+, Tv+, and Tw+, and minus of Tu- Tv- and Tw- Furthermore, a magnetic pole position signal is incorporated in a 
control circuit 1 4 through the magnetic pole position transducers Hu, Hv, and Hw from the magnetic flux of a rotator 3, and the 
pulse signal to switching element Tu+ of an inverter 13, Tv+, Tw+, Tu- Tv- and Tw- is controlled. Here, the stator winding 5 
wound around the stator magnetic pole 42 is connected in order of illustration for every phase using the wiring substrate Pt. 
respectively, and the connection as rotation electrical machinery 1 of a three phase circuit is made. 

[0018] Drawing 4 , It is drawing showing the principle of operation of the permanent magnet rotation electrical machinery by this 
invention. The inside of drawing, (a), (b), and (c), Magnetic pole position transducers Hu, Hv, and Hw It is a magnetic pole position 
signal, and this carries out direct detection of the magnetic flux from a rotator 3, and outputs it. It is the signal which Su, Sv, and 
Sw of (d). (e), and (f) made the above-mentioned magnetic pole position signal the criteria of zero point, and was outputted 
through the comparator, and Tu, Tv, and Tw signal which are shown by (g), (h), and (i), respectively are added to switching 
element Tu+ of an inverter 1 3, Tv+, Tw-*-, Tu-, Tv - . and Tw- 

[0019] In addition, it is good even if the signal which took the AND (AND) of this Tu and Tv, Tw signal, and a PWM (Pulse Width 
Modulation) signal is added if needed. That is. by the magnetic flux which the permanent magnet 6 of a rotator 3 makes, the 
rotation electrical machinery 1 detects the magnetic pole position of the rotator 3 (permanent magnet 6) concerned with the 
magnetic pole position transducers Hu, Hv, and Hw, and according to this detection magnetic pole position, the energization 
change control to each stator winding 5 is made, and it drives. 

[0020] By the way, it depends for the throb torque of permanent magnet rotation electrical machinery greatly with the precision 
of the magnetic pole position signal of the magnetic pole position transducers Hu. Hv, and Hw. The signal shown by (g), (h), and 
(i). respectively is added to switching element Tu+ of an inverter 1 3, Tv+. Tw+, Tu- Tv-, and Tw- and this changes to them like 
illustration every 60 degrees by the electrical angle. If arrangement of a magnetic pole position transducer is bad and the 
precision of the aforementioned magnetic pole position signal is bad. the magnetic pole position signal shown by drawing 4 (a), (b). 
and (c) is confused, for example, in the one section of the inside which is 360 degrees, it will become short with 50 degrees, the 
section which becomes long with 70 degrees in other sections will be generated, and the throb torque (cogging torque) of the 
rotation electrical machinery 1 will also become large by this. 

[0021] And with the conventional technology, it was that by which the magnetic pole position transducers Hv and Hw are 
arranged at intervals of 120 degrees on the basis of the magnetic pole position transducer Hu. respectively by the electrical angle 
(between NS of a permanent magnet is made into 360 degrees). In this case, it means that the magnetic pole position 
transducers Hv and Hw were arranged in the position of the magnetic pole which wound stator winding U1+ and U1-, respectively. 
The position of each magnetic pole position transducer Hu, Hv. and Hw of the above-mentioned composition is at each magnetic 
pole position transducer Hv and Hw to the middle position of the stator magnetic pole 42 with the magnetic pole position 
transducer Hu. It becomes a position on the stator magnetic pole [ position / middle ] 42 shifted. 

[0022] Moreover, although the magnetic pole position transducer Hu is in the position of the stator winding U phase to control, 
the magnetic pole position transducers Hv and Hw are in the position of the stator magnetic pole 42 of a different stator winding 
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U phase from the stator winding V which should be controlled, and W phase. It was the thing to which the influences from the 
magnetic field which the influence the magnetic pole position transducers Hu, Hv. and Hw are influenced, i.e., the influence from 
the stator magnetic pole 42, and stator winding current make differ in each with each magnetic pole position transducer, lower 
the precision of the above-mentioned magnetic pole position signal, and make throb torque increase by these composition. 
[0023] In the example by this invention, the arrangement interval which the magnetic pole position transducers Hu, Hv, and Hw 
adjoin as shown in drawing 2 is set as the double precision of the position interval of the stator magnetic pole 42 for one piece. If 
it puts in another way, each adjacent phase magnetic pole position transducer has the arrangement interval which consists of a 
location dimension for two pieces of a stator magnetic pole, and is arranged. According to the composition of the arrangement 
interval of this example, each magnetic pole position transducers Hu, Hv, and Hw all serve as a middle position (position which 
has the influence from the magnetic field which the influence and stator winding current from a stator magnetic pole make in an 
equivalence range) of the stator magnetic pole 42. And in this example, the magnetic pole position transducer Hu has the 
magnetic pole position transducer Hv in the position which adjoins the stator magnetic pole 42 with a stator winding V phase by 
being in the position which ac(joins the stator magnetic pole 42 which carries out winding maintenance of the stator winding U 
phase which should be controlled, and the magnetic pole position transducer Hw is arranged as it is in the position of the stator 
magnetic pole 42 with a stator winding W phase. 

[0024] It will be based on the magnetic pole position transducer H1 which adjoined stator winding X1 phase which should be 
controlled and has been arranged if it furthermore puts in another way. Place the stator magnetic pole for two pieces, adjoin the 
stator magnetic pole of stator winding X2 phase and this stator winding X2 phase, and the magnetic pole position transducer H2 
is arranged. It can be said that the stator magnetic pole for two pieces is placed, the stator magnetic pole of a stator winding Xn 
phase and this stator winding Xn phase is adjoined one by one, and the magnetic pole position transducer Hn is arranged. 
[0025] That is, both the magnetic pole position transducers Hu, Hv, and Hw are influenced of the magnetic field which the 
influence and coil current of the stator magnetic pole 42 make from the same level (equivalent). 60 electrical angles do not sway 
with 50 degrees or 70 degrees, the precision of a magnetic pole position signal is secured by this, and the increase in throb 
torque can be suppressed by it. 

[0026] In addition, in arrangement of drawing 2 , the electric interval of the adjacent stator magnetic pole 42 becomes 1 80 degree 
x14 pole / 12= 210 degrees. Therefore, they are four pieces (** in drawing, **, ** **) to the magnetic pole position transducer 
Hu. The magnetic pole position transducer Hv are separated [ only from the position of the stator magnetic pole 42 ] of the 
position transducer becomes 210 degree x4~720 degree =120 degree, and is arranged in the position in which the phase was 120 
degrees. On the other hand, the magnetic pole position transducer Hw it is separated [ only from the position of the stator 
magnetic pole 42 for two pieces ] of the position transducer to the magnetic pole position transducer Hu becomes 210 degree 
x2-360 degree =60 degree. The magnetic pole position transducer Hw can secure the phase contrast of 240 degrees because the 
magnetic pole position transducer Hw gives the phase contrast of 1 80 more degrees by reversal of the direction of current, and 
reversal of a signal to the magnetic pole position transducer Hu in the position of illustration since the phase contrast of 240 
degrees is required. 

[0027] The concentrated-winding stator which has the stator core equipped with the stator winding of the polyphase which 
wound the feature of this invention around M stator magnetic poles intensively when summarizing the above, It has the 
permanent magnet rotator which has P permanent magnet poles magnetized mostly at equal intervals. The permanent magnet 
pole P and the number M of stator magnetic poles And P:M=6n**2:6n (however n detect the magnetic pole position of the 
permanent magnet rotator concerned with the magnetic pole position transducer of each phase by the magnetic flux which two 
or more relations of integer), nothing, and a permanent magnet rotator make. In the permanent magnet rotation electrical 
machinery made and driven, making the interval of a magnetic pole position transducer into the double precision of the interval of 
a stator magnetic pole position has the control which changes the energization to the stator winding of each phase wound around 
the stator magnetic pole according to the detected magnetic pole position. 

[0028] By it, the magnetic pole position transducer of each phase can perform magnetic pole position detection in the position 
where each phase is influenced [ same ] by the stator magnetic pole etc. while being arranged by this in a position which is 
different 120 degrees by the electrical angle to a stator magnetic pole and a stator winding, respectively. By this, while the 
interval of the magnetic pole position transducers of each phase becomes short, the interval changed electrically becomes exact 
and throb torque becomes small. That is, small, with a bird clapper, the interval of magnetic pole position transducers can attain 
wiring with a control circuit and a magnetic pole position transducer in the space where the wiring substrate Pt is small, and can 
connect to small lightweight-ization. 

[0029] It starts from U phase of the stator winding 5 wound around the stator magnetic pole 42 on the other hand in the 
permanent magnet rotation electrical machinery which set the permanent magnet pole P and the number M of stator magnetic 
poles to P:M=6n**2:6n (however, n two or more integers) as shown in drawing 2 and drawing 3 . In U phase, W phase sets the 
stator magnetic pole 42 for one piece from U1+ in order of U1+, U1-, U2-, and U2+. In order of W1-, W1+ W2+, and W2- V phase 
sets the stator magnetic pole 42 for one more piece, and is V1+, V1-, V2-. and V2+. In order, by connecting all in this direction 
(the inside of drawing circumference of an anti-clock) (wiring) It leads to the drawer position of the coil of U, V, and W phase and 
the connecting location of the neutral point becoming near, and the connection length of the stator winding of each phase 
becoming the same, and dispersion in length lessening each phase, and can connect lightweight small. Moreover, a wiring 
substrate and rotation electrical machinery can also be made small. 

[0030] By the above composition, the permanent magnet rotation electrical machinery from which the utilization factor (space 
efficiency) of wiring between magnetic pole position transducers or a stator winding becomes lightweight it is good and small is 
offered. Furthermore, the small permanent magnet rotation electrical machinery of throb torque (cogging torque) is offered by 
raising position detection precision. 

[0031] In addition, in this example, although the case where motorised [ rotated type ] applied was mentioned as the example and 
explained, this invention is applicable also to the linear motor driving gear as a permanent-magnetic-motor method. Moreover, it 
cannot be overemphasized that it is applicable also to the method which does not carry out current control, or a 120-degree 
energization type brushless-motor method further also about the control system which performs sine wave-like control 
[ current ] to the position of a rotator. 
[0032] 

[Effect of the Invention] since according to this invention an electrical angle is made into 1 20 degrees and each magnetic pole 
position transducer can be arranged in the position where the influence to each magnetic pole position transducer concerned 
becomes equivalent, the interval changed electrically is exact — becoming — throb torque (cogging torque) — small — becoming 
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— and the interval of each magnetic pole position transducers — short — becoming — small — there is an effect connected 
lightweight Moreover, the coil utilization factor of a stator winding can improve and it can also tie lightweight small. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 J It is the cross section showing the permanent magnet rotation electrical machinery of one example by this invention. 
[Drawing 2] It is drawing showing AA cross section of drawing )_ . The cross section of the permanent magnet rotation electrical 
machinery of this invention is shown. 

[Drawing 3] It is drawing showing the permanent magnet rotation electrical machinery control circuit of one example by this 
invention. 

[Drawing 4] It is drawing showing the principle of operation of the permanent magnet rotation electrical machinery by this 
invention. 

[Description of Notations] 

1 : Permanent magnet rotation electrical machinery 2: Stator 

3: Rotator 4: Stator core 

5: Stator winding 6: Permanent magnet 

7: Rotor core 8: Shaft 

9: Housing 10: and bracket 

1 1: Bearing 12: DC power supply 

1 3: Inverter 1 4: Control circuit 

41: Stator yoke 42: Stator magnetic pole 

Hu, Hv, Hw: Magnetic pole position transducer 

Tu, Tv, Tw: Switching element 

Pt : wiring substrate 



[Translation done ] 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 

H 2 




[Drawing 3] 
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[Drawing 4] 
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